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(54) MAGNETIC TONER 

(57)Abstract: 

PURPOSE: To provide a magnetic toner good in 
durability and capable of forming an image superior in 
thin line reproducibility and gradation by specifying 
sphericity, a size of needles, and a weight ratio of a 
spherica! magnetic material to a needle one in the 
magnetic toner composed of the spherical and needle 
magnetic materials. 

CONSTITUTION: The magnetic toner is formed by 
incorporating the spherical magnetic material 2 having a 
sphericity of 1-1.2 and the needle magnetic material 1 
having a longer axis to shorter axis ratio of 5:1-15:1 , and 
a longer axis to the diameter of the material 2 of <5:1 , in 
a weight ratio of the material 2 to the material 1 of 95/5- 
75/25. thus pennitting dispersion of the magnetic 
materials to be improved and unifomnized, and a distribution of an electric charge amount of 
the toner to be reduced in dispersion. On the other hand, if the sphericity of the material 2 is 
over 1.2, the dispersion of the material 2 is worsened, and image quality is deteriorated, and if 
the longer axis to shorter axis ratio of the material 1 is below 5, image quality varies under an 
environment of low humidity, and if over 15, image density deteriorates under an environment 
of high humidity, thus pennitting a sharp obtained under high humidity and durability under 
low humidity to be enhanced. 
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Claim 

A type of magnetic toner characterized by the fact that the magnetic toner is mainly 
composed of resin and magnetic grains, and the magnetic grains include spherical magnetic 
grains with spheroidicity in the range of 1-1.2 and acicular magnetic grains with major 
diameter/minor diameter ratio in the range of 5-15 and with the major diameter 5 or less fold the 
diameter of said spherical magnetic grains, with their ratio by weight in the range of 
95:5 - 75:25. 



* [Editor's note: numbers in the right margin rq>resent pagination in the original foreign language text.] 



Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a type of magnetic toner for development of 
electrostatic images in electrophotography, electrostatic recording, electrostatic printing, etc. 

Prior art 

hi conventional electrophotography, there are many methods, such as those described in 
US Patent No. 2,297,691, Japanese Kokoku Patent Application Nos. Sho 42[1967]-23910 and 
Sho 43[1968]-24748, etc. Usually, a photoconductive substance is used to form an electric latent 
image on a photosensitive paper using various methods. As needed, the toner image is 
transferred to paper or other transfer material, followed by fixing under heating or pressing to 
form a copy. 

There are various methods for development to make the electrostatic latent images visible 
by means of a toner. Examples of the development methods include the magnetic brush method 
described in US Patent No. 2,874,063, the cascade development method described in US Patent 
No. 2,618,552, the powder clouding method described in US Patent No. 2,221,776, as well as the 
fiir brush development method, liquid development method, etc. Among these development 
methods, especially the magnetic brush method, cascade method, liquid development method, 
etc. that make use of a developing agent mainly made of toner and carrier are in wide practical 
apphcation. All of these methods are excellent methods that can provide high-quality images 
with a relatively high stabihty. On the other hand, they all have a common disadvantage for 
two-component developing agents, that is, degradation in the carrier and variation in the mixing 
ratio of toner to carrier. 

In order to solve the aforementioned problem, many development methods using a 
one-component developing agent made of toner alone have been proposed. Among them, there 
are many effective methods that make use of a developing agent made of magnetic toner grains. 

US Patent No. 3,909,258 proposed a method of development using a magnetic toner 
having electroconductivity. In this method, an electroconductive magnetic developing agent is 
supported on a cylindrical electroconductive sleeve with a magnetic property, and said 
developing agent is brought in contact with the electrostatic image for development. In this case, 
toner grains in the development portion form an electroconductive path between the surface of 
the recording body and the surface of the sleeve. An electric charge is guided through this 
electroconductive path firom the sleeve to the toner grains, and imder the coulomb force with the 
image portion of the electrostatic image, toner grains are attached to the image portion for 
development. This development method using said electroconductive magnetic toner can avoid 
the aforementioned problems pertaining to the conventional two-component development 



3 

method, and it is an effective method. On the other hand, however, because the toner is 
electroconductive, it is hard to perform electrostatic transfer of the developed image from the 
recording body to a plain paper sheet or other final support. 

Japanese Kokai Patent Application No. Sho 52[1977]-94140 described a development 
method using dielectric polarization of toner grains as a development method using a 
high-resistance magnetic toner that enables electrostatic transfer. However, in this method, the 
development speed is substantially low, and it is impossible to obtain a sufficient density for the 
developed image. Due to these disadvantages, it is hard to adopt this method in practical 
application. 

There are other development methods using high-resistance magnetic toners. In some of 
these methods, mutual friction among toner grains, fiiction between toner grains and sleeve, etc. 
triboelectrify the toner grains, which then make contact using the electrostatic image holding 
method for development. However, in these methods, when the number of rounds of friction 
between the toner grains and the friction member is small, the triboelectrification becomes 
insufficient. Also, as there is a high coulomb force between the charged toner grains and the 
sleeve, the toner grains are prone to aggregation on the sleeve. Due to these disadvantages, these 
methods can hardly be adopted in practical application. 

In order to solve the aforementioned problems, Japanese Kokai Patent Application No. 
Sho 54[1979]-43027 described a novel development method. In this method, a very thin layer of 
a magnetic toner is coated on a sleeve, followed by triboelectrification. Then, under action of a 
magnetic field, it the toner/sleeve is brought to very near the electrostatic image. As a result, 
development is realized while they are set facing each other without [actual] contact. In this 
method, the chance of contact between the sleeve and toner is increased, and sufficient 
triboelectrification can be realized. As the toner is supported with a magnetic force, and the 
magnet and toner are driven relative movement with respect to each other, aggregation of toner 
grains is avoided, and at the same time, there is sufficient fiiction with sleeve. In addition, the 
toner is supported with a magnetic force, and it is set facing the electrostatic image without 
making contact for development, it is possible to prevent backgroimd fog. As a result, 
high-quality images can be formed. 

The magnetic toner used in said development system contains 20-70 wt% magnetic 
grains. The performance of the toner depends significantly on the properties of the magnetic 
grains. 

As far as copiers are concerned, instead of the conventional analog type, digital type 
using digital latent images have been developed. Consequently, the latent images become finer 
than the prior art. In order to evaluate the fine latent image well, the toner has to have a high 
resolution development. In addition, as the copying speed of copiers is on the rise, there is also a 
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demand on the properties of the toner to reaHze higher resolution, higher development speed, and 
higher durability. 

When said development system is adopted for printers, there is the same demand on high 
performance. As far as the high durability is concerned, as it is used as an output means of 
computers, the output frequency and durability should be even higher than those required on 
copiers. 

Also, the image cannot be simply black. For a copier, it is especially required that 
high-fidelity reproduction of photographic pictures (that is, reproduction of middle tones) be 
realized. In a digital latent image system, as the middle tone is represented by means of 
difference in the line density, if the size of lines is not kept constant, it is impossible to display 
the middle tone steadily. This is a problem. Especially, for printers of digital latent image 
system, there is a high demand on reproduction of gradation. However, the requirement on 
output of the same middle tone steadily from start to end with a high durability cannot be well 
realized for a toner using the conventional magnetic grains. In order to solve this problem, tests 
have been performed on reducing the size of the toner grains. However, in this method, although 
it is possible to realize a high resolution, a fine-line reproducibility, and a high solid density for 
images at the same time, for the conventional magnetic grains, it is hard to meet the demand on /3 
consistent middle tones, high stability of fine-line reproduction, etc. Also, due to the grain size 
effect, the toner is prone to charge-up, and the kneaded magnetic grains may become separated 
during an extended operation. Consequently, density decreases at a high humidity. This is 
undesirable. Also, after storage in a low-humidity environment for a long period of time, in 
addition to the problem pertaining to durability, the toner is prone to filming on the drum. This is 
also undesirable. 

Extensive studies have been made on improvement of magnetic grains. Japanese Kokai 
Patent AppHcation No, Sho 55[1980]-138752 described a type of magnetic toner characterized 
by the fact that it contains 10-70 wt% of acicular ferromagnetic powder with major diameter in 
the range of 0.05-2 |Jin as a ferromagnetic powder material, and it has magnetic orientation 
property. 

However, when said acicular magnetic grains are used alone in preparing the toner, the 
electrical resistance decreases significantly. Consequently, said insulating magnetic toner is 
inappropriate for development systems requiring excellent transfer property, and it also has a 
significant tendency of degradation in dispersion property. 

At present, magnetic grains in cubic shape (regular octahedron shape) are in use. 
However, when cubic magnetic grains alone are used, problems arise with respect to 
transportability, etc. Consequently, several schemes for improvement have been proposed. 
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Japanese Kokai Patent Application No. Sho 58[ 1983]- 137357 described a type of middle 
tone characterized by the fact that it contains acicular crystal magnetic powder and cubic crystal 
magnetic powder. 

However, in this method, although the transporting property and agitation property are 
good, transfer in high-humidity environment is difficult, and as far as the image quality, 
especially fine line reproducibility, etc., are concerned, because the toner has strong magnetic 
aggregating property, the performance is not particularly good. On the other hand, Japanese 
Kokai Patent Application No. Sho 59[1984]-64852 described a type of middle tone using 
magnetic grains containing spherical or round-like grains of magnetite or ferrite with an average 
grain size in the range of 0.05-2.0 ^im in an amount of 20 wt% of more with respect to the total 
magnetic grains. 

In this case, it is possible to alleviate or prevent scratches of the photoreceptor due to 
cleaning, to improve fluidity, and to improve the toner transportability and development 
property. However, spherical magnetic grains tend to have a higher electrical resistance than that 
of the cubic (regular octahedron shape) magnetic grains. Even when they are mixed with cubic 
magnetic grains for use, after storage in a low-humidity environment for a very long period of 
time, typical for personal copiers, etc., the charging amount may become inappropriate. In 
particular, when the toner grain size is reduced for improving the fine-line reproducibility and 
gradation, due to iiie grain size effect, the charging amount of the toner becomes larger, and this 
is even more undesirable. 

For spherical magnetic grains especially, due to their shape, the residual magnetization is 
small, so that the magnetic aggregation becomes lower. 

Consequently, it is impossible to improve the fine-line reproducibility, gradation, etc. as 
desired. 

Problems to be solved by the invention 

The purpose of this invention is to provide a type of middle tone fi*ee of the 
aforementioned problems. 

That is, this invention provides a type of middle tone that has high stability in transfer to 
form good images in a high-humidity environment. 

Also, this invention provides a type of middle tone with excellent fine-line 
reproducibility and gradation. 

In addition, this invention provides a type of middle tone that can form excellent images 
even after it has been stored for a very long period of time in a low-humidity environment. 
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Also, this invention provides a type of magnetic toner that can form good images with a 
high stability even when the toner has a small grain size and the toner is stored for a long period 
of time. 

Means to solve the problem and operation 

That is, this invention provides a type of magnetic toner characterized by the fact that the 
magnetic toner is mainly composed of resin and magnetic grains, and the magnetic grains 
include spherical magnetic grains with spheroidicity in the range of 1-L2 and acicular magnetic 
grains with major diameter/minor diameter ratio in the range of 5-15 and with the major diameter 
5 or less fold the diameter of said spherical magnetic grains, with their ratio by weight in the 
rangeof 95:5 -75:25. 

Here, the spheroidicity and the major diameter/minor diameter ratio refer to the average 
values for 250 values obtained by direct measurement for the x40,GGO images of the magnetic 
grains prepared by x4 magnification of x 10,000 photographic pictures on a transmissive electron 
microscope. When said spherical magnetic grains and acicular magnetic grains are mixed and the 
mixture is dispersed in a toner, the good properties of both magnetic grains can be displayed, 
and, at the same time, the filming resistance of the toner on the photoreceptor drum is 
significantly improved that that in the prior art. Usually, when grain size of the toner is reduced /4 
so as to having an even higher resolution for the development power of the toner, due to the 
grain size effect, the toner is prone to charge-up, especially in a low-humidity environment. 
However, when spherical magnetic grains and acicular magnetic grains are mixed in use in this 
invention, this problem can be solved, and good results can be obtained. Although the reason is 
not yet clear, it is believed that as the two types of magnetic grains are used together, it is 
possible to realize appropriate electrical resistance and to improve dispersion of the acicular 
magnetic grains. 

That is, when spherical magnetic grains and acicular magnetic grains are mixed with each 
other, as shown in Figure 1, an appropriate amount of acicular magnetic grains are attached on 
the periphery of each spherical magnetic grain, so that aggregation of the acicular magnetic 
grains can be prevented, and as they are associated with the spherical magnetic grains that have a 
good dispersion property, they can be dispersed uniformly in the toner resin. However, when 
cubic magnetic grains are used in place of spherical magnetic grains, as the acicular magnetic 
grains are significantly attached on the face portions of the cubic shape, when dispersion in toner 
resin is carried out, the dispersion property is poorer than that when spherical magnetic grains are 
used. 

It is believed that for spherical magnetic grains, as there is no face where more acicular 
magnetic grains are attached, they do not hamper dispersion of the acicular magnetic grains. 
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Consequently, when spherical magnetic grains are used, dispersion of the magnetic grains 
in the toner resin is significantly improved. Consequently, the toner grains are individually 
distributed, the amount of the magnetic grains is homogeneous in distribution, and there is little 
dispersion in the charge amount distribution of the toner. 

Consequently, it is possible to solve the problem of charge-up of toner in a low-humidity 
environment when toner with smaller grain size is used. 

Also, as far as the dispersion state of magnetic grains in the toner is concerned, the 
acicular magnetic grains are attached on the periphery of spherical magnetic grains in dispersion. 
Consequently, it is believed that tips of the acicular magnetic grains protrude on the toner 
surface. This has a mild polishing function on the surface of the drum, and it can improve the 
filming resistance of the toner. 

In this case, when the spheroidicity of the spherical magnetic grains is larger than 1.2, 
dispersion of the acicular magnetic grains degrades, and the image quality degrades in the image 
printing durability [test]. 

Also, if the major diameter/minor diameter ratio of the acicular magnetic grains is smaller 
than 5, when the toner is stored in a low-himiidity environment for a long period of time, the 
image density decreases, and the image quality varies (fog, etc. take place). On the other hand, 
when the major diameter/minor diameter ratio is larger than 15, the image density decreases in a 
high-humidity environment. 

Also, when the major diameter of the acicular magnetic grains is more than 5 fold the 
diameter of the spherical magnetic grains, dispersion of the acicular magnetic grains degrades, 
and a decrease in image density, fog, and other problems arise in a high-humidity or 
low-humidity environment. In addition, when the ratio by weight of the spherical magnetic 
grains to acicular magnetic grains is over 95:5, the effect in a low-humidity environment 
becomes less significant. On the other hand, when the ratio becomes lower than 75:25, problems 
occur a high-himiidity environment. 

Examples of the adhesive resins for toner include polystyrene, poly p-chlorostyrene, 
polyvinyl toluene, and other homopolymers of styrene and its substituted forms; 
styrene-propylene copolymer, styrene-vinyl toluene copolymer, styrene-vinyl naphthalene 
copolymer, styrene-methyl acrylate copolymer, styrene-ethyl acrylate copolymer, styrene-butyl 
acrylate copolymer, styrene-octyl acrylate copolymer, styrene-methyl methacrylate copolymer, 
styrene-ethyl methacrylate copolymer, styrene-butyl methacrylate copolymer, styrene-a-chloro 
methyl methacrylate copolymer, styrene-acrylonitrile copolymer, styrene-vinylmethylether 
copolymer, styrene-vinylethylether copolymer, styrene-butadiene copolymer, styrene-isoprene 
copolymer, styrene-acrylonitrile-indene copolymer, styrene-maleic acid copolymer, 
styrene-maleate copolymer, and other styrene based copolymers; polymethyl methacrylate, 
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polybutyl methacrylate, polyvinyl chloride, polyvinyl acetate, polyethylene, polypropylene, 

polyester, polyurethane, polyamide, epoxy resin, polyvinyl butyral, polyamide, polyacrylate 

resin, rosin, modified rosin, terpene resin, phenolic resin, aliphatic or alicyclic hydrocarbon resin, /5 

aromatic petroleum resin, chlorinated paraffin, paraffin wax, etc., which may be used either 

alone or as a mixture of several types. 

Also, in order to control charging and to prevent aggregation, the toner of this invention 
may contain carbon black, nigrosin, metal complex, colloidal silica powder, fluorine based resin 
powder, etc. 

The toner of this invention may be used in various development methods, such as the 
magnetic brush development method, cascade development method, the method using an 
electroconductive magnetic toner described in US Patent No. 3,909,258, the method using a 
high-resistance middle tone described in Japanese Kokai Patent Application No. Sho 
53[197o]-31 136, the methods described in Japanese Kokai Patent Application Nos. Sho 
54[1979]-42141, Sho 55[1980]-18656, as well as the fiir brush development method, powder 
cloud method, the impression method, etc. 

Application examples 

In the following, this invention will be explained in more detail with reference to 
application examples and comparative examples. 

Application Example 1 

Styrene-acrylic resin: 1 00 parts by weight 

Spherical magnetite with spheroidicity in the range of 1-1 .2: 72 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 6 and with 
major diameter 4-fold the diameter of the spherical magnetite: 8 parts by weight 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Said components were mixed and the mixture was melt blended in a blender, followed by 
crude crushing using a jet crushing machine to form a fine powder. Then, an air classifier was 
used to classify the powder to obtain a fine powder with grain size in the range of 7.8-9,2 ^m. 
0.4 part by weight of colloidal silica was added in 100 parts by weight of said fine powder. 

The obtained toner was used to print images on a commercially available copier 
(conmiercial name: NP-8580, product of Canon Inc.). The obtained transfer images had a 
reflective image density as high as 1.37 and the images were entirely fi-ee of fog. Also, there was 
no scattering of toner on the periphery of the image. The fine line reproducibility, gradation and 
resolution were good for the obtained images. 
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When said developing agent was used to form transfer images continuously to study the 
durability, it was found that after 150,000 copies, the image was still as good as the initial image. 

When the environmental conditions included an atmospheric temperature of 35°C and a 
humidity of 85%, the image density was 1 .38 and it was almost the same as that obtained at room 
temperature and ambient humidity. Also, there was no fog, no scattering, and the fine line 
reproducibility and gradation were excellent. Besides, the durability was such that there was little 
change in the vivid image up to 150,000 copies. Then, when transfer images were formed in a 
low-temperature (10°C) and low-humidity (10%) environment, the image density was as high as 
1.35; the solid black was very smooth in development and transfer; there was no scattering and 
voids, and the images had excellent fine line reproducibility and gradation. When the durability 
test was performed in this environment as continuous or intermittent copying operation, variation 
in density for 150,000 copies was as small as ±0.1. This is sufficient for practical application. 

Then, after the toner was stored at a low-ternperature (lO'C) and low-humidity (10%) 
environment for 4 months, transfer images were formed. It was found that the image density was 
1.38. Also, the solid black was very smooth in development and transfer; there was no scattering 
and voids, and the images had excellent fine line reproducibility and gradation. When a 
durability test was performed in this environment as continuous or intermittent copying 
operation, variation in density for 150,000 copies was as small as ±0.1. This is sufficient for 
practical application. 

Also, no filming of toner on the drum was observed. 

Comparative Example 1 

Styrene-acrylic resin: 1 00 parts by weight 

Spherical magnetite with spheroidicity of 1 .5: 72 parts by weight 

Acicular magnetite with major diameter/minor diameter rafio of 6 and with 
major diameter 4-fold the diameter of the spherical magnetite: 8 parts by weight 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Using these components, the same operation as in Application Example 1 was performed 
to obtain a toner. 

For the obtained toner, poor dispersion of the acicular magnetic grains took place. The 
obtained toner was used to print images on a commercially available copier (commercial name: 
>JP-8580, product of Canon Inc.). The obtained initial transfer images had a reflective image 
density as high as 1.37 and were entirely fi-ee of fog. Also, there was no scattering of toner on the 
periphery of the image. The fine line reproducibility, gradation and resolution were good for the 
obtained images. 
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However, when said developing agent was used to form transfer images continuously to 
study the durability, it was found that after about 10,000 copies, the image density decreased, 
and at the same time, scattering took place, and the image quality was poor. Then, after about 
30,000 copies, the image density became 1.12, and the degree of scattering of the image became 
intolerable. 

Comparative Example 2 

Styrene-acrylic resin: 1 00 parts by weight 

Spherical magnetite with spheroidicity in the range of 1-1 .2: 72 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 3 and with 
major diameter 8-fold the diameter of the spherical magnetite: 8 parts by weight 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Using these components, the same operation as in Application Example 1 was performed 
to obtain a toner. 

Poor dispersion of the acicular magnetic grains took place with the obtained toner. The 
obtained toner was used to print images on a commercially available copier (commercial name: 
NP-8580, product of Canon Inc.). The obtained transfer images had a reflective image density as 
high as 1.38 and were entirely free of fog. Also, there was no scattering of toner on the periphery 
of the image. The fine line reproducibility, gradation and resolution were good for the obtained 
images. 

Also, when said developing agent was used to form transfer images continuously to study 
the durability, it was found that even after about 100,000 copies, the images were still all right 
for practical application as compared with the initial image. 

However, when the environmental conditions became an ambient temperature of 35^C 
and humidity of 85%, the image density decreased to as low as 1 . 1 1 , and at the same time, 
scattering took place, and the image quality was poor and intolerable. 

Comparative Example 3 

Styrene-acrylic resin: 1 00 parts by weight 

Spherical magnetite with spheroidicity in the range of 1-1 .2: 72 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 3 and with 

major diameter 4-fold the diameter of the spherical magnetite: 8 parts by weight 

Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 
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Using these components, the same operation as in AppHcation Example 1 was performed 
to obtain a toner. 

Poor dispersion of the acicular magnetic grains took place with the obtained toner. The 
obtained toner was used to print images on a conmiercially available copier (commercial name: 
NP-8580, product of Canon Inc.). The obtained transfer images had a reflective image density as 
high as 1 .35 and were entirely free of fog. Also, there was no scattering of toner on the periphery 
of the image. The fine line reproducibility, gradation and resolution were good for the obtained 
images. 

Also, when said developing agent was used to form transfer images continuously to study 
the durability, it was found that even after about 150,000 copies, the images were still all right 
for practical application as compared with the initial image. 

Li addition, when the environmental conditions became an ambient temperature of 35°C 
and humidity of 85%, the image density was 1.32, httle different from that obtained in a 
room-temperature ambient-humidity environment. The obtained images had fine line 
reproducibility and gradation good enough for practical application. There was little change for 
150,000 copies. Then, when the environmental conditions became a low temperature of lO^'C 
and low humidity of 10%, the image density was as high as 1 .35, and the solid blackness is very 
smooth in development and transfer. The obtained images were free of scattering and voids, and 
they had fine line reproducibility and gradation good enough for practical application. When a 
test for durability was performed in this environment by making continuous or intermittent 
copying, variation in the density was ±0.10, good enough for practical application, for 150,000 
copies. 

Then, after the toner was stored in a low-temperature (1 0°C) and low-humidity (1 0%o) 
environment for 4 months, the toner was used in copying test. The initial images had reflective 
image density as high as 1.35, and were free of fog, scattering or voids. The images had good 
fine line reproducibility and good gradation. However, when a test for durability was performed 
in this environment by means of continuous or intermittent copying, after about 10,000 copies, 
the image density decreased, and after about 30,000 copies, the image density became 1,14. 
Also, after about 8500 copies, fog on the images increased, and it became intolerable after about 
20,000 copies. 

Also, after the durability test, the state of the drum was observed, and it was found that 
filming of toner had taken place. 
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Comparative Example 4 

Styrene-acrylic resin: 1 00 parts by weight 

Spherical magnetite with spheroidicity in the range of 1-1 .2: 72 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 18 and with 

major diameter 3-fold the diameter of the spherical magnetite: 8 parts by weight 11 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Using these components, the same operation as in Application Example 1 was performed 
to obtain a toner. 

Poor dispersion of the acicular magnetic grains took place with the obtained toner. The 
obtained toner was used to print images on a commercially available copier (conmiercial name: 
NP-8580, product of Canon Inc.). The obtained transfer images had a reflective image density as 
high as 1 .36 and were entirely free of fog. Also, there was no sca:ttering of toner on the periphery 
of the image. The fine line reproducibility, gradation and resolution were good for the obtained 
images. 

Also, when said developing agent was used to form transfer images continuously to study 
the durability, it was found that even after about 1 50,000 copies, the images were still all good as 
the initial images. 

In addition, when the environmental conditions became an ambient temperature of 35°C 
and humidity of 85%, the initial image density was as high as 1 .34, there was no scattering or 
void, and the obtained images had excellent fine line reproducibility and gradation. However, 
when durability was tested in this environment, it was found that after about 12,000 copies, the 
image density decreased, and after about 13,000 copies, fog on the image became severe. Then, 
after about 15,000 copies, high levels of in fog became intolerable. 

Comparative Example 5 

Styrene-acrylic resin: 1 00 parts by weight 

Spherical magnetite with spheroidicity in the range of 1-L2: 77.6 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 6 and with 
major diameter 4-fold the diameter of the spherical magnetite: 2.4 parts by weight 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Using these components, the same operation as in Application Example 1 was performed 
to obtain a toner. 

For the obtained toner, poor dispersion of the acicular magnetic grains took place. The 
obtained toner was used to print images on a commercially available copier (commercial name: 
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NP-8580, product of Canon Inc.). The obtained transfer images had a reflective image density as 
high as 1 .36 and were entirely free of fog. Also, there was no scattering of toner on the periphery 
of the image. The fine line reproducibility, gradation and resolution were good for the obtained 
images. 

Also, when said developing agent was used to form transfer images continuously to study 
the durabihty, it was found that even after about 150,000 copies, the images were still as good as 
the initial images. 

In addition, when the environmental conditions became an ambient temperature of 35°C 
and humidity of 85%, the image density was 1.34, little different from that obtained in a 
room-temperature ambient-humidity environment. The obtained images had fine fine 
reproducibility and gradation good enough for practical application. There was little change for 
150,000 copies. Then, when the environmental conditions became a low temperature of 10°C 
and low humidity of 10%, the image density was as high as 1 .34. The obtained images were free 
of scattering and voids, and they had fine line reproducibility and gradation good enough for 
practical apphcation. When a test for durability was performed in this environment by making 
continuous or intermittent copying, after about 13,000 copies, the fog on the images increased, 
and became intolerable level after about 14,000 copies. Also, after durability test, the state of the 
drum was observed, and it was found that filming of toner took place. 

Comparative Example 6 

Styrene-acrylic resin: 1 00 parts by weight 

Spherical magnetite with spheroidicity in the range of 1-1 .2: 56 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 6 and with 
major diameter 4-fold the diameter of the spherical magnetite: 24 parts by weight 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Using these components, the same operation as in Application Example 1 was performed 
to obtain a toner. 

For the obtained toner, poor dispersion of the acicular magnetic grains took place. The 
obtained toner was used to print images on a commercially available copier (commercial name: 
NP-8580, product of Canon Inc.). The obtained transfer images had a reflective image density as 
high as 1 .34 and were entirely free of fog. Also, there was no scattering of toner on the periphery 
of the image. The fine line reproducibility, gradation and resolution were good for the obtained 
images. 
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Also, when said developing agent was used to form transfer images continuously to study 
the durability, it was found that even after about 150,000 copies, the images were still as good as 
the initial images. 

In addition, when the environmental conditions became an ambient temperature of 35^C 
and humidity of 85%, for the initial images, the image density was 1.32, and there was no 
fog, scattering and void. The obtained images had excellent fine line reproducibility and 
gradation. However, when a dxirability test was performed in this environment, after about 
10,000 copies, the image density decreased. Then, after about 12,000 copies, the image density 
became 1.12. After about 8000 copies, the fog on the images increased, and became intolerable 
after about 1 1,000 copies. 

Application Example 2 

Styrene-acrylic resin: 1 00 parts by weight 

Spherical magnetite with spheroidicity of 1 . 1 : 64 parts by weight 

Acicular magnetite with major diameter/minor diameter ratio of 8 and with 
major diameter 3-fold the diameter of the spherical magnetite: 1 6 parts by weight 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Said components were mixed and the mixture was melt blended in a blender, followed by 
crude crushing using a hammer mill. Then, an air classifier was used to classify the powder to 
obtain a fine powder with a grain size in the range of 5-20 \xm. 0.5 part by weight of colloidal 
silica was added in 100 parts by weight of said fine powder. 

The obtained toner was used to print images on a conmiercially available copier 
(commercial name: NP-8580, product of Canon Inc.). The obtained transfer images had a 
reflective image density as high as 1.35 and the images were entirely fi-ee of fog. Also, there was 
no scattering of toner on the periphery of the image. The fine line reproducibility, gradation and 
resolution were good for the obtained images. 

When said developing agent was used to form transfer images continuously to study the 
durability, it was found that after 100,000 copies, the image was still as good as the initial image. 

When the environment conditions included an atmospheric temperature of 35°C and a 
humidity of 85%, the image density was 1 .34 and it was almost the same as that obtained at room 
temperature and ambient humidity. Also, there was no fog, no scattering, and the fine line 
reproducibility and gradation were excellent. Besides, the durability was such that there was little 
change in the vivid image up to 150,000 copies. Then, when transfer images were formed in a 
low-temperature (lO^'C) and low-humidity (10%) environment, the image density was as high as 
1.35; the solid black was very smooth in development and transfer; there was no scattering and 
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voids, and the images had excellent fine line reproducibility and gradation. When a durability 
test was performed in this environment as continuous or intermittent copying operation, variation 
in density for 150,000 copies was as small as ±0.1. This is sufficient for practical application. 

Then, after the toner was stored at a low-temperature (lO^'C) and low-humidity (10%) 
environment for 4 months, transfer images were formed. It was found that the image density was 
1.38. Also, the solid black was very smooth in development and transfer; there was no scattering 
and voids, and the images had excellent fine line reproducibility and gradation. When durability 
test was performed in this environment as continuous or intermittent copying operation, variation 
in density for 150,000 copies was as small as ±0.12. This is sufficient for practical application. 

Also, no filming of toner on the drum was observed. 

Application Example 3 

Styrene-butyl methacrylate (ratio by weight of 7:3) copolymer: 1 00 parts by weight 
Spherical magnetite with spheroidicity in the range of 1 - 1 . 1 5 : 76 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 10 and with 
major diameter 4.5-fold the diameter of the spherical magnetite: 4 parts by weight 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Said components were treated in the same way as in Application Example 2 to form a 
fine powder with grain size in the range of 5-20 \im. OA part by weight of colloidal silica was 
added in 100 parts by weight of said fine powder. 

The obtained toner was used to print images on a commercially available laser printer 
(commercial name: LASER SCHOTTKY [transliteration], product of Canon Inc.). The obtained 
transfer images had a reflective image density as high as 1.32 and the images were entirely fi-ee 
of fog. Also, there was no scattering of toner on the periphery of the image. The fine line 
reproducibility, gradation and resolution were good for the obtained images. 

When said developing agent was used to form transfer images continuously to study the 
durability, it was found that after 5000 copies, the image was still as good as the initial image. 

When the environment conditions included an atmospheric temperature of 35°C and a 
humidity of 85%, the image density was 1 .3 1 and it was almost the same as that obtained at room 
temperature and ambient humidity. Also, there was no fog, no scattering, and the fine line 
reproducibility and gradation were excellent. Besides, the durability was such that there was little 
change in the vivid image up to 8000 copies. Then, when transfer images were formed in a 
low-temperature (10°C) and low-himiidity (10%) environment, the image density was as high as /9 
1.30; the solid black was very smooth in development and transfer; there was no scattering and 
voids, and the images had excellent fine line reproducibility and gradation. When a durability 
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test was performed in this environment as continuous or intermittent copying operation, variation 
in density for 6000 copies was as small as ±0.05. This is sufficient for practical application. 

Then, after the toner was stored at a low-temperature (10°C) and low-humidity (10%) 
environment for 12 months, transfer images were formed. It was found that the image density 
was 1.34. Also, the solid black was very smooth in development and transfer; there was no 
scattering and voids, and the images had excellent fine line reproducibility and gradation. When 
a durability test was performed in this environment as continuous or intermittent copying 
operation, variation in density for 6000 copies was as small as ±0.07. This is sufficient for 
practical application. 

Also, no filming of toner on the drum was observed. 

Application Example 4 

Styrene-butyl methacrylate (ratio by weight of 7:3): 1 00 parts by weight 

Spherical magnetite with spheroidicity in the range of 1-1.18: 88 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 8 and with 
major diameter 3.5-fold the diameter of the spherical magnetite: 12 parts by weight 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Said components were treated in the same way as in Application Example 1 to form 

toner. 

The obtained toner was used to print images on a commercially available copier 
(commercial name: NP-5540, product of Canon Inc.). The obtained transfer images had a 
reflective image density as high as 1 .35 and the images were entirely jfree of fog. Also, there was 
no scattering of toner on the periphery of the image. The fine line reproducibility, gradation and 
resolution were good for the obtained images. 

When said developing agent was used to form transfer images continuously to study the 
durability, it was found that after 40,000 copies, the image was still as good as the initial image. 

When the environment conditions included an atmospheric temperature of 35°C and a 
humidity of 85%, the image density was 1 .34 and it was ahnost the same as that obtained at room 
temperature and ambient himiidity. Also, there was no fog, no scattering, and the fine line 
reproducibility and gradation were excellent. Besides, the durability was such that there was little 
change in the vivid image up to 60,000 copies. Then, when transfer images were formed in a 
low-temperature (lO'^C) and low-humidity (10%) environment, the image density was as high as 
1 .35; the solid black was very smooth in development and transfer; there was no scattering and 
voids, and the images had excellent fine line reproducibility and gradation. When a durability 
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test was performed in this environment as continuous or intermittent copying operation, variation 
in density for 30,000 copies was as small as ±0.1 1 . This is sufficient for practical application. 

Then, after the toner was stored at a low-temperature (lO^'C) and low-humidity (10%) 
environment for 4 months, transfer images were formed. It was foimd that the image density was 
1.34. Also, the solid black was very smooth in development and transfer; there was no scattering 
and voids, and the images had excellent fine line reproducibility and gradation. When a 
durability test was performed in this environment as continuous or intermittent copying 
operation, variation in density for 60,000 copies was as small as ±0.10. This is sufficient for 
practical application. 

Also, no filming of toner on the drum was observed. 

Application Example 5 

Styrene-butyl methacrylate (ratio by weight of 7:3): 1 00 parts by weight 

Spherical magnetite with spheroidicity in the range of 1-1.14: 56 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 9 and with 
major diameter 2.5-fold the diameter of the spherical magnetite: 14 parts by weight 
Low -molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Said components were treated in the same way as in Application Example 3 to form 

toner. 

The obtained toner was used to print images on a commercially available digital copier 
(commercial name: NP-9330, product of Canon Inc.). The obtained transfer images had a 
reflective image density as high as 1 .36 and the images were entirely free of fog. Also, there was 
no scattering of toner on the periphery of the image. The fine line reproducibility, gradation and 
resolution were good for the obtained images. 

When said developing agent was used to form transfer images continuously to study the 
durability, it was found that after 40,000 copies, the image was still as good as the initial image. 

When the environment conditions included an atmospheric temperature of 35''C and a 
humidity of 85%, the image density was 1 .34 and it was ahnost the same as that obtained at room 
temperature and ambient humidity. Also, there was no fog, no scattering, and the fine line 
reproducibility and gradation were excellent. Besides, the durability was such that there was little 
change in the vivid image up to 50,000 copies. Then, when transfer images were formed in a 
low-temperature (10°C) and low-humidity (10%) environment, the image density was as high as 
1 .35; the solid black was very smooth in development and transfer; there was no scattering and 
voids, and the images had excellent fine line reproducibility and gradation. When a durability 
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test was performed in this environment as continuous or intermittent copying operation, variation 
in density for 50,000 copies was as small as ±0.09. This is sufficient for practical application. 

Then, after the toner was set at a low-temperature (10°C) and low-humidity (10%) 
environment for 4 months, transfer images were formed. It was found that the image density was 
1.32. Also, the solid black was very smooth in development and transfer; there was no scattering 
and voids, and the images had excellent fine line reproducibility and gradation. When a 
durability test was performed in this environment as continuous or intermittent copying 
operation, variation in density for 50,000 copies was as small as ±0.10. This is sufficient for 
practical application. 

Also, no filming of toner on the drum was observed. 

AppHcation Example 6 

Styrene-butyl methacrylate (ratio by weight of 7:3): 1 00 parts by weight 

Spherical magnetite with spheroidicity in the range of 1-1 .2: 63 parts by weight 
Acicular magnetite with major diameter/minor diameter ratio of 12 and with 
major diameter 4.5-fold the diameter of the spherical magnetite: 7 parts by weight 
Low-molecular weight polypropylene: 3 parts by weight 

Charging control agent: 2 parts by weight 

Said components were treated in the same way as in Application Example 3 to form 

toner. 

The obtained toner was used to print images on a commercially available personal copier 
(commercial name: FC-5, product of Canon Inc.). The obtained transfer images had a reflective 
image density as high as 1 .36 and the images were entirely fi-ee of fog. Also, there was no 
scattering of toner on the periphery of the image. The fine line reproducibility, gradation and 
resolution were good for the obtained images. 

When said developing agent was used to form transfer images continuously to study the 
durability, it was found that after 2000 copies, the image was still as good as the initial image. 

When the environment conditions included an atmospheric temperatxire of 35°C and a 
humidity of 85%, the image density was 1 .34 and it was almost the same as that obtained at room 
temperature and ambient humidity. Also, there was no fog, no scattering, and the fine line 
reproducibility and gradation were excellent. Besides, the durability was such that there was little 
change in the vivid image up to 3000 copies. Then, when transfer images were formed in a 
low-temperature (lO^'C) and low-humidity (10%) environment, the image density was as high as 
1.33; the solid black was very smooth in development and transfer; there was no scattering and 
voids, and the images had excellent fine line reproducibility and gradation. When a durability 
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test was performed in this environment as continuous or intermittent copying operation, variation 
in density for 3000 copies was as small as ±0.07. This is sufficient for practical application. 

Then, after the toner was stored at a low-temperature (10°C) and low-humidity (10%) 
environment for 4 months, transfer images were formed. It was found that the image density was 
1.33. Also, the solid black was very smooth in development and transfer; there was no scattering 
and voids, and the images had excellent fine line reproducibility and gradation. When a 
durability test was performed in this environment as continuous or intermittent copying 
operation, variation in density for 3000 copies was as small as ±0.08. This is sufficient for 
practical application. 

Also, no filming of toner on the drum was observed. 

Effect of the invention 

As explained above, according to this invention, even in a high-humidity environment, it 
is still possible to form vivid images firee of fog and scattering and having excellent fine line 
reproducibility and gradation. Also, in the durability test, little change was found for 150,000 
copies. 

In addition, even after the magnetic toner of this invention is stored in a low-temperature 
low-humidity environment for a long period of time, good images still can be formed. 

Brief description of figures 

Figure 1 is a diagram illustrating the state of dispersion of acicular magnetic grains and 
spherical magnetic grains in a toner resin. 

1 Acicular magnetic grains 

2 Spherical magnetic grains 
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Figure 1. (State of dispersion of acicular magnetic grains and spherical magnetic grains in a toner 
resin after melt-blending). 

Legend: 

1 Acicular magnetic grains 

2 Spherical magnetic grains 



